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I!) A three-part study was performed to determine the conditions 
under which an aircrewman can use a FLIR search set and an imaging 
seeker. The (light geometry and system characteristics that result in these 
conditions were also delineated. The three parts of the study included: 
(1) an analysis of the time available to perform the tasks required of an 
operatoi; (2) a review of research on the time required to perform these 
tasks with a fixed position FLIR, and (3) an experimental evaluation of 
the time required using a ground-stabili/ed, slewable FLIR. 
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SUMMARY 

rborne forvard-looking Infrared systems (FLIRs) are used by attack 
t to locate and identify ground targets at night. Although these 
systems have reached operational status, older, standard weapons 

111 be used with them.  Feasibility studies are now being conducted 
mine the desirable characteristics of weapons specifically de- 
to be used at night with the FLIR systems.  This report presents 
ults of analyses and simulator experiments conducted to provide 
the human factors affecting the design of such weapons systems. 

The weapon system configuration considered in this report was a FLIR 
search set coupled to an imaging IR seeker.  Two FLIR configurations were 
considered.  These were a fixed line-of-slght FLIR and a slewable FLIR. 
In the fixed mode the operator saw a moving scene on the display; it was 
an oblique view of the terrain moving from the top of the display to the 
bottom.  The slewable FLIR operated in a "series-of-stills" mode produced 
by nodding" the FLIR at a rate determined by the aircraft's altitude 
and velocity so that a ground-stabilized image was produced on the display, 

The imaging IR seeker had a display similar to the FLIR except that 
it had a poorer image quality.  The seeker line of sight was slaved to 
the FLIR line of sight. The operator's tasks were to find the target 
in the FLIR disptay, switch the display from FLIR imagery to seeker 
imagery, and lock on to the target. 

The key variable that determines the operator's ability to use a 
FLIR successfully is the time available.  The time available to use a 
fixed FLIR is determined by the altitude and velocity of the aircraft, 
the field of view of the FLIR, its depression angle, and slewing capa- 
bilities.  This report presents equations and a nomograph which can be 
used to determine the time available from these variables.  For example, 
for an aircraft flying at 200 knots, 3,000 feet above the ground with 
a 2-degree fixed FLIR pointing 15 degrees below the horizontal plane, 
4.6 seconds are available to the operator while the target passes through 
the field of view. 

Experimental results from a fixed FLIR simulation study are described 
in the report; they Indicate that the target should take about 5 seconds 
to move through the field of view to Insure that the operator can suc- 
cessfully switch to an imaging FLIR and obtain a lock-on. 

The report also describes a simulation experiment conducted with a 
slewable FLIR in the series-of-stills mode.  Neither the amount of 
terrain clutter nor the amount of FLIR/seeker misalignment affected 
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operator performance; the ratio of the resolution of the FL1R to the 

resolution of the imaging seeker was a critical v"iable;ol^n
th^LIR 

resolution was about 1.5 times better than the seeker ~»*l»ti'». £? 
operator required about 7 seconds to obtain a lock-on. and ^ was able 
to lock on to all of the targets. However, when the resolution ra io 
was 3.0. 10.3 seconds were required and lock-on was obtained in 91/. of 

the cases. 

The performance data presented in this report can be used ^ estimate 

the effectiveness of hypothetical systems  For «-jj^ JJ the success 
available to find the target, lock on, and launch a»1881^'^V K^ 
rate would be 88% with a nonimaging seeker (no display *wUcMng)  but 
only 65% with an imaging seeker whose resolution is one-third that of 

the FUR. 

■ . .       .. - -  ^- „t^^aa«^ 
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INTRODUCTION 

Currently the capability of Navy aircraft to attack targets at 
night 1 ertre^ly UmUed.  Howeyer. with the advent of high-reso ution. 
fo^ri-looking infrared (FLIR) sensors, night attack with a variety of 
weapons againat a broad spectrum of targets will become feasible. 

One potential type of weapon that may be used is an air-to-surface 
missile that would incorporate an imaging seeker in order to enable 
the operator to aim it accurately and to verify lock-on information. 
Another a prolch would utilize a noni.aging seeker, aimed by ^ -a-h 
set tarough automatic boreaight alignment to reduce possible misalign 
men' between the sensor and seeker. An imaging seeker gables the 
operator to see any discrepancy between the target and the aimpoint 
and to correct it by updating the aimpoint. However, given the flight 
Tar-eters of weapon delivery tactics, the system operator uay enco^.r 
somftime-stress In transitioning from the FLIR to the seeker and im- 
proving upon the aimpoint.  The additional time required ° ^^f^ 
the transitioning tasks could, in fact, be more than the time available. 

OBJECTIVES 

The objective of this study was to evaluate the concept of using 
an imaging seeker coupled with a FLIR search set for night attack.  The 
flight geometry and system characteristics concomitant with such a system 
were de?ineat^.  The specific tasks that were completed included: 

1 An analysis of the time available as a function of system 

characteristics, flight geometry, and mode of operation. 

2 A review of past research on the time required for operation 

of an imaging seeker system with a fixed position FLIR. 

3. An experimental evaluation of the time required to lock onto 
a target with an imaging seeker system using a ground-stabilized, 

slewable FLIR. 

  ■-'-■■ .^  yiÄ_ a^m 
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TIME AVAILABLE 

tasks.  These tasks are: 

1. Visual detection of the target In the FLIR display. 

2. Slewing the seeker to the target. 

3. Transltloning to a display of seeker imagery. 

4. Centering the target in the seeker tracking gate. 

5. Enabling lock-on. 

using the nomograph in Figure 1. 

fkt (.-I)-«.(•♦})! (1) 

where 

H = altitude, ft 

V = velocity, ft/sec 

6 = depression angle for a fixed FLIR 

$ = vertical FOV for a fixed FLIR 

The assumption here is that the target is within *• maximum detec- 

tion range when it enters the FLIR FOV. 

r 
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If any four of the parameters are known, the fifth can be determined 
using the nomograph.  For example, assume: 

Aircraft altitude = 3,000 ft above ground level 

Aircraft velocity ■ 200 knots 

Fixed FLIR vertical FOV = 2.0° 

FL1R depression angle ■ 15.0° 

Then the time availc'^le is 4.6 sec as the target passes through the FOV. 

A fixed FLIR is set 
sented to the operator on 
the bottom of the display 
seeker is superimposed ov 
When a target enters the 
of the seeker -lith a joys 
This points t'.e seeker in 
tions to the seeker image 
to enable lock-on. 

at a fixed depression angle so the scene pre- 
his display appears to move from the top to 
at a constant speed.  The aimpoint ef the 

er the FLIR display and indicated by crosshairs. 
FLIR FOV, the operator, who controls the aimpoint 
tick, superimposes the crosshairs over the target, 
the direction of the target.  He then transi- 

ry and centers the target in the tracking gate 

FIXED VERSUS SLEWABLE FLIR 

In the case of a slewable FLIR, the scene presented to the operator 
is the same as a fixed FLIR except when the operator is slewing it. 
In that case, the motion of the FLIR interacts with the motion of the 
aircraft. By tracking a target witl. a FLIR the operator can increase 
the amount of time available while centering the target in the crosshairs 
before transitioning to the seeker imagery. With the slewable FLIR, the 
crosshairs remain in the center of the display; the operator moves the 
FLIR.  The slewable FLIR increases the effective FOV through which a 
target must pass resulting in a longer time in which to transition to 

a seeker for lock-on. 

SERIES-OF-STILLS MODE 

A special case of the slewable FLIR capability is the series-of- 
stills (SOS) mode.  In this mode the motion of the FLIR is governed by 
the velocity and altitude of the aircraft so that the FLIR is ground- 
stabilized. As the aircraft flies over the terrain, the depression 
angle of the FLIR increases. The scene presented to the operator appears 
to be static, except that objects in it grow larger as the range decreases 
When a preset depression angle is reached, the FLIR quickly returns to 
an upper limit where it again becomes ground-stabilized. 

■ ■-■-■- - 
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NOMOGRAPH COMPUTATION INSTRUCTIONS 

TO FIND TIME 

1 LOCATE THE LINE CORRESPONDING TO THE DEPRESSION ANGLE 
OF THE FLIR. THE DEPRESSION ANGLE IS THE ANGLE FROM THE AIRCRAFT 
BORESIGHT LINE TO A LINE BISECTING THE FLIR FOV 

2 LOCATE THE LINE CORRESPONDING TO THE VERTICAL FOV OF 
THE FLIR. 

3 LOCATE THE INTERSECTION OF THE ABOVE TWO LINES. 

4. DRAW A STRAIGHT LINE PARALLEL TO THE HORIZONTAL FOV 
LINES   TO   THE   TIME   LINE.  HERE, THE  TIME   LINE   IS USED  AS  AN   INDEX 
LINE. 

5 DRAW A STRAIGHT LINE FROM THE TIME LINE THROUGH THE 
FLIGHT PARAMETER LINE INTERSECTING IT AT THE GIVEN AIRCRAFT 
VELOCITY TO THE INDEX LINE. 

6 DRAW A STRAIGHT LINE FROM THE INDEX LINE THROUGH THE 
FLIGHT PARAMETER LINE INTERSECTING IT AT THE GIVEN AIRCRAFT 
ALTITUDE TO THE TIME LINE   THIS COMPLETES THE PROBLEM. 

TO   FIND   ANY   VALUE   IT   IS   NECESSARY   TO   KNOW  SIX   OF   THE   SEVEN 
INTERSECTION POINTS. 

1. LOCATE  ALL GIVEN VALUES ON THEIR CORRESPONDING SCALES. 

2. LOCATE ALL POSSIBLE INTERSECTIONS BOTH BEFORE AND AFTER 
THE MISSING VALUE, IF APPLICABLE. 

3. THE MISSING VALUE CAN BE LOCATED BY FINDING THE 
INTERSECTION OF THE VALUES IMMEDIATELY BEFORE AND AFTER THE 
MISSING VALUE 

4.      THE   DEPRESSION   ANGLE    CAN   BE   DETERMINED   BY   WORKING 
BACKWARD FROM STEP 6 ABOVE. 

FIGURE 1.  Nomograph. 

■ ^^-.- : ^^■,i,,^^.^g:,^J^-i^MLAsia-^ ^^.■J.^.^^..^.J^..^^^^JiL^^-^..:....^^^^-r.^^^ l.-..-..=.^^.. = .^^^.~^.,....^^*^^^^^^^*.=**^^,^~^.. 
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One concern about stabilizing on one area of ground is that some 
sections of ground may be skipped.  However, the SOS mode can be used 
without skipping over any ground. At small depression angles the 
"footprint" viewed by the FUR is very elongated.  As the aircraft 
travels forward the FLIR "footprints" overlap.  The amount of overlap 
(or ground skipped. G) can be determined by using Equation 2. 

'-v(w^)-4otM)"cot(6+^l (2) 

where 

V - velocity, ft/sec 

H - altitude, ft 

tDUR = duration of one still, sec 

t  = time required for FLIR to return to upper gimbal limit, sec 

B = initial depression angle (shallowest) 

(J) - FLIR vertical field of view 

It should be noted that, as the aircraft approaches the "footprint" 
on which the FLIR is stabilized, the objects in the FOV appear larger 
but the "footprint" grows smaller.  Consequently, the overlap, if any. 
decreases during the approach (or the ground skipped increases) . This 
complicates matters if a target enters the FLIR FOV near the edge of 
the display.  In that case it may disappear from the display before the 
FLIR completes a still.  II terrain is skipped, the target will not 
reenter the FOV; if terrain is duplicated, it may reenter at the bottom 
of the display on the next cycle. Nevertheless, if the ****** 
immediately detected, the operator can manually control the FLIR In 

order to prolong his observation time. 

10 
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TIME REQUIRED 

Once  the distribution of  the  times  available  to complete  the target 
acquisiUon and weapons  release  tasRs  is Rnown.   ^  C« ^^MJ-^J 
a distribution of  the  times  required to do  the  tasks  in "f" ^ t**1" 

=*^^^ have b en ---^-^both  fixed and ground- 
stabilized/slewable FL1R system.     (The slewable FLIR is  discussed in 
the next  section of  this   report.) 

As described previously,   the amount of  time available  (or  the 

amount of  time  the target  is  in the FOV)   to ~ •JJ^'j' •"jjj 
position FLIR is  dependent on the aircraft's  altrtude and velocity 
and the FLIR's  FOV and depression angle.     Bürge  and ^f« "^^    ire 

a simulation experiment1   to determine an 0P"at°5 ^f ^^ target 
targets in an imaging seeker given various  lengths of  time the target 

and system parameters are shown in Table 1. 

TABLE 1.   Times Target Remained in 
1.5° x 1.5° Field of View. 

Oppression I Time in FOV. sec 

angle, 
deg 

1A 

16 

20 

Velocity, knots 

250 

6.63 

5.02 

3.19 

350 

A.73 

3.58 

2.28 

450 

3.68 

2.79 

1.77 

Slant 
range. 

nmi 

2.72 

2.39 

1.92 

r^r^:pon5 center.  FUR  Display   TW.o*  I**»*. ^g^JS«^ ^ '' Ctaig' 
China Uke. CaUf., NWC, February 1974. (Technical Note 4011-18. pubUcat.on UNCLASSlFltD.) 
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In the Bürge and Craig study, the operator was required to search 
his display while a moving image of the ground passed through it (top 
to bottom).  When he visually acquired the target in the display he 
slewed a set of crosshairs with a joystick, superimposing them over the 
target.  The line of sight of the simulated seeker was also slaved by 
the joystick and indicated to the operator on the display by the cross- 
hairs.  When the crosshairs were superimposed over the target he 
immediately switched the display on the cathode ray tube (CRT) to the 
seeker imagery.  He then reacqulred the target by centering it in the 
seeker FOV. 

A summary of the results of the Burge-Craig experiment is presented 
in Table 2. An interesting result was that, given less time (the target 
passed through the field more quickly), the subjects performed the tasks 
more quickly, up to a limit. The data indicated, in general, that for a 
75% probability of reacqulring and tracking a target long enough to lock 
on, the target must remain in the FOV for a minimum of about 3 seconds. 
An average of 0.7 second of this time is due ^.o tranalttoning from the' 
FLIR to the seeker.  In this experiment a FLIR/seeker misalignment 
resulted in shorter transition times, since it always occurred in the 
direction the target would travel on the display. 

TABLE 2.   Summary of Surge and Craig Data. 

Time in 
FOV, sec 

Time to switch 
from FLIR to 
seeker, sec 

Percent 
targets 

reacqulred 

Time to 
reacqulre, 

sec 

Time on 
target, 

sec 

1.77 
2.79 
3.68 

0.8 
1.2 
1.2 

48 
93 
82 

0.3 
0.6 
0.7 

0.1 
0.4 
0.4 

2.28 
3.58 
4.73 

0.9 
1.3 
1.3 

73 
96 
98 

0.4 
0.7 
0.9 

0.1 
0.7 
0.7s 

3.19 
5.02 
6.63 

1.2 
1.6 
1.6 

93 
100 
100 

0.6 
1.1 
1.0 

0.6 
1.0 
1.7 

12 
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DISPLAY TRANSITION EXPHRIMENT-SLEWABLE FLIR 

A new aimulatlon experiment was  conducted using a simulated FLIR 
system  that was  ground-stabilized and slewable.     It was  operated in 
the SOS mode.     The operator's   tasks  in this experiment were  to search 
a "still"  FLIR display of   the ground  for the  target,  disable  the SOS 
mode  upon  target detection,  and then center the  target  in the display. 
He would then switch  to  the seeker  imagery which was  displayed on the 
same CRT  and recenter  the  target, whereupon he would squeeze the 
joystick  trigger to enable  lock-on. 

Care must be  taken wh^n comparing these data  to  that of Bürge 
and Craig,  since  their data  relate to a system with a  fixed-position, 
nonslewable FLIR where  the target  remained in the FLIR FOV a  fixed 
amount of  time.     In  this  study, with a slewable FLIR,   the amount of 
time  the target  remained in the FOV varied,  since  the target  could be 
manually  tracked by  the operator. 

OBJECTIVE 

The objective of this study was to obtain estimates of the amount 
of time required to accomplish the tasks outlined above, given a 
slewable, ground-stabilized FLIR. 

It was hypothesized that these measures would be affected by 
differences in resolution between the FLIR and the seeker, the density 
of the background clutter surrounding the target, and the size of 
alignment errors between the FLIR and the seeker.  These variables 
were studied in two segments of an experiment. 

EXPERIMENTAL CONDITIONS 

In the first segment of the experiment the background clutter 
density and the FLIR/seeker misalignment were varied. Three types 
of terrain were "flown over," each with a fairly uniform density of 
clutter objects. They were subjectively judged to be of high, medium, 
and low clutter density. Two levels of misalignment were tested in 
which the lines of sight of the FLIR and seeker diverged either 0.5 
or 0.75 deg. The direction of the divergence of the seeker LOS from 
the FLIR LOS was varied randomly In a 360-deg circle around the FLIR 

LOS. 

In this first experimental segment only one FLIR/seeker resolution 
ratio was tested (values are given under "Apparatus"). Therefore, each 

13 
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subject was presented, in his series of test trials, with one FLIR res- 
olution level, one seeker resolution level, three clutter density levels, 
and two misalignment levels.  The order of the presentations of clutter 
and misalignment was partially counterbalanced.  A sunmary of the con- 
ditions presented to each subject is shown in Table 3. 

TABLE 3.   Experimental Conditions 
(Resolution Ratio Was 1.5). 

Backgi round 
dens ity 

Alignment error, deg 
clutter 0.5 0.75 

Low »1 Sl 

Medium fl Sl 

High Sl Sl 

The results of this segment of the experiment (presented in detail 
under "Results") indicated that the clutter densities tested had no 
effect on the task times or probabilities of lock-on.  In addition, 
since alignment errors could be compensated for in advance, they had 
no effect either.  However, there were indications that changing the 
difference between the resolution of the FLIR and that of the seeker 
might have a considerable effect on the task times. Therefore, a 
second segment of this experiment was conducted where two additional 
resolution ratios were tested.  The data from the first segment were 
included in the analyses where conditions matched.  The resolution of 
the FLIR was held constant in all cases; the resolution of the seeker 
was varied so that the ratio (the FLIR resolution over the seekei 
resolution) was 1.5, 3 or 5.  Each subject was presented with only 
one of the ratios. Three groups of three subjects were used. 

Each subject in the second segment was also presented with two levels 
of background clutter density (high and low) and one level of FLIR/seeker 
misalignment (0.75-deg). The order In which the clutter densities were 
presented was partially counterbalanced. The direction in which the 
misalignment occurred was randomized. A summary of the conditions 
presented to each subject is shown in Table 4. 

The time required for the completion of a task was used as the 
dependent measure of the conditions tested. Each task was timed 
separately, starting from the conclusion of the preceding task. The 
total time required was the sum of the task times from locating the 
target to enabling lock-on.  The subjects received eight practice trials 
followed by 16 experimental trials. 

14 
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TABLE 4.   Expen nental Conditions. 

Background Resolution ratio 
clutter densities 1.5 3 5 

Low 

High 

Sl 

Sl 

S2 

S2 

S3 

S3 

SUBJECTS 

Nine naval aviators  served as  subjects  for this  study.     Ail of  the 
aviators had experience  in single-place A-7 or dual-place A-6 aircraft. 
Four of  the aviators were bombardier/navigators,   five were  pilots. 
They  ranged in experience  from having had 900  to  2,800  flight hours. 
All but  one of  the subjects had  flight experience with  a night  attack 
type system which employed a FLIR device. 

APPARATUS 

Terrain Model 

The terrain model was a 2.44 by 6.10 meter, three-dimensional, 
1000:1 scale model.  It contained numerous trees and shrubs that could 
be relocated as desired and varied in color from light to dark greens, 
browns, and yellows.  The entire model moved on rails so that, when 
viewed with a fixed sensor, an aircraft flight could be simulated. 
A speed control that enabled the velocity of the terrain model to be 
varied from a simulated 0 to 700 knots was situated in an adjacent 

console. 

Two test tracks were prepared on the model over which the sensors 
would "fly." One track consisted of rolling hills up to 100 meters 
high with heavy ground cover approximately 1 meter In depth.  Trees, 
shrubs, rocks, wood clutter, and small buildings were arranged along 
the track so that, in appearance, the terrain resembled moderately 
heavily foliated foothills.  The other track was virtually flat and 
contained no trees, shrubs, or rocks.  Ground cover, approximately 
0.5 meter thick was scattered sparsely over the ground in two or three 
places.  The terrain resembled a desert. A dirt road, a simulated 
3 meters wide, ran the length of each ground track.  It was a gently 
winding road and was in view during the entire run. 

15 
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FLIR/Seeker 

The FLIR and the aeeker were both simulated by two Sony model 
3260 video cameras.  The horizontal resolution of the two cameras was 
measured using the square-wave wedges on a RETMA pattern.  The resolu- 
tion of the simulated FLIR was 400 TV lines per raster height.  The 
resolution of the simulated seeker was degraded by reducing the focus 
electronically to 270 lines per raster height (1.5:1 ratio with FLIR), 
130 lines (3:1 ratio), and 80 lines (5:1 ratio). 

The FOVs of the two sensors were identical—2.0 deg wide by 1.5 deg 
high.  Each camera was equipped with a 6-inch lens. A 1.0-deg or 
1.5-deg wedge of optical quality glass was used in front of the seeker 
lens during each trial to diffract the video imagery and create a mis- 
alignment between the two sensors of either 0.5 or 0.75 deg, respectively. 

Sensor Gimbal System 

The two video cameras were situated on a pan and tilt platform 
(see Figure 2). Also attached to both the platform and the camera 
lenses was a mechanical device that was driven by the tilting motion 
of the platform.  The device was geared to change the focus of the 
two camera lenses in order to maintain correct optical focus on the 
ground despite a change in slant range from the sensors to the ground. 
In addition, this device changed the alignment of the two cameras as 
a function of elevation in order to correct for parallax.  When properly 
positioned the two cameras would view the same area of the ground at all 
depression angles and stay in optical focus. 

FIGURE 2.   The Pan and Tilt Gimbal System 
With Two Cameras. 
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The pan and tilt table operated either in an automatic SOS mode 
or was driven by a manual thumb controller.  In the SOS mode the tilt 
platform dipped from an upper limit of -14 deg below the horizontal 
to a lower limit of -15 deg below the horizontal.  The speed at which 
the platform dipped could be adjusted in both Initial rate and accelera- 
tion in order to match the motion of the terrain as it passed underneath. 
The imagery provided by the sensors mounted on the tilt platform thus 
appeared to be ground-stabilized.  When the platform reached the lower 
elevation limit in the SOS mode, it automatically returned to the upper 
limit and started to dip again.  In this way, a series of essentially 
static images was provided to the system operator.  The only motion 
detectable in the imagery was due to the shortening range between the 
sensors and the ground during presentation of a single image.  In this 
case the area of the ground being viewed decreased in size and the 
objects in the FOV increased in size. 

The manual thumb controller, located on the stick grip, was con- 
tinuously operational.  The subject could override the constant downward 
motion of the tilt platform and/or control the pan direction with the 
thumb controller. 

The right-hand, press-on/press-off button on the stick grip con- 
trolled the SOS mode.  Depressing this button disabled the lower limit 
of the SOS mode and permitted the apparently ground-stabilized tilt 
platform to decline below -15 deg from the horizontal.  A legend light 
on the instrument panel labeled "SOS" indicated that the SOS mode was 
operational when lit. When the SOS mode was not selected the thumb 
controller remained operational. 

Simulation 

The following were the simulated flight and system parameters. 

Simulated aircraft: 

Altitude, ft   4.°0° 
Velocity, knots   

Sensor system: 

FLIRFOV, deg   H Ü X ^ll^u 
Seeker FOV, deg   2.0 wide x 1.5 high 
Upper elevation limit   1* ^g below horizontal 
Lower SOS mode elevation limit   15 deg below horizontal 
Lower manual slew mode elevation 

l*a4t   35 deg below horizontal 
Duration of one still image, sec   
Sensor/seeker slew rate  variable, depending on force 

exerted on thumb controller, 
up to approximately 7 deg/sec 
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Simulated ground area viewed by sensors at 14.5 deg below horizontal: 

115.2 m 

682.1 m 

132.9 m 

Operator's Controls and Displays 

The subjects were provided with  a single TV monitor,  on which 
either the FLIR or the seeker imagery was displayed,  legend lights, 
and  a  four-function stick grip.     The video  imagery »m  displayed on 
a Conrac  525-line,  9-inch diagonal,   closed-circuit TV monitor. 
Superimposed over the simulated FLIR imagery was a crosshair approxi- 
mately  2 TV lines  thick that was  generated by a Shintron Crosshair 
Generator.    A second generator was  used to superimpose a 3-mrad white 
square over the seeker imagery to simulate a tracking gate.    The solid 
white  tracking gate partially obscured the area over which it was 
superimposed. 

Four legend lights surrounded the display on the instrument panel. 
They  indicated the status of  the SOS mode   (on-off), which sensor was 
selected  (FLIR or SEEKER),   and LOCK ENABLE.     An illustration of   the 
displays on the instrument panel is presented in Figure 3. 

The stick grip was located on the  right-hand console of the simu- 
lated cockpit.    On the grip was  the thumb-controller, which controlled 
the position of the pan and tilt platform on which the sensors we.e 
located.    To the right of  the thumb-controller was a push-on/push-off 
button,  which was used to engaje or disengage the SOS mode.    To the 
left of  the thumb-controller was another push-on/push-off button, 
which was used to select the FLIR or seeker.    At  the start of each 
trial pass,  the SOS mode was engaged and the FLIR imagery was selected. 
Thereafter,  one press of the right button disengaged the SOS mode and 
one press of  the left button selected the seeker imagery.     In the front 
of  the stick grip was the trigger.    Pulling  the trigger caused  the 
LOCK ENABLE light to illuminate,  although it had no other effect on 
the system.    The two buttons and the trigger, when depressed,  sent 
a signal to a strip chart  recorder.    An illustration of the stick 
grip  is presented in Figure A. 

18 
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FIGURE 3.   The Experiment Setup. 
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FIGURE 4.   Stick Grip. 

Data Recorder 

A Sanborn strip chart  recorder was used to produce a time line 
record of the tasks performed during a trial pass.    The record pro- 
vided an indication of the following events  that occurred during each 
trial: 

1. The return of the tilt platform to the upper elevation limit. 

2. Any operation of the thumb-controller. 

3. Depression of the SOS mode button. 

4. Depression of  the FLIR/SEEKER button. 

5. Squeeze of the trigger. 

The speed at which the paper was emitted was 5 mi/sec. 

Target 

The target used in this experiment was a single 1000:1 scale-model 
2 1/2-ton truck painted white to simulate a "hot" target in IR imagery. 

Lighting 

Twenty, 4-bulb, 40-watt flourescent fixtures were lined up along 
two rows that ran 12 meters of the length of the terrain model track. 
They were situated 1.5 meters above the terrain model. 
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the correct  track,   adjusting  the mlsallgfiment between the FUR *od 
seeker,  starting  the  terrain model ,   turning on  the operator'-? monitor 
and starting  the strip  chart;   s--«nJer.     At  the concision et each  trial 
pass,  the subject's video H»pl«$ was blanked while  the  terrain model 
was stopped and  the  target ^aa  relocated. 

After all  the test  trials were completed,   the subject was ques- 
tioned regarding his assessment of the simulation,   the system, and his 
performance. 

RESULTS 

The normalized cumulative frequencies of the task times are shown 
in Figure 5.  It can be seen that reducing the resolution of the seeker 
increases the amount of time required to lock on.  The data in Table 5 
indicate, as expected, that this increase in time required was due to 
longer reacquisition times resulting from the degraded seeker imagery. 

i.oo r— 

i 

FIGURE 5.   Normalized Cumulative Frequencies of Total Tasks Completed Within T for 
Each Resolution Ratio (R) Tested.   Also included are data for tasks without transition. 

22 

— -  - ■ -  - - -   .-.     - .   . -    -    -  - - - 



MfC TP  5909 

TABLh 5.   Mean Task Times Combined Across Background Density, 
Alignment Error, and Subjects. 

Resolut Ion 
ratio 

Mean task time,  8eca 

Tl 
(Disable AUTO) 

T2 
(Switch  to SEEKER) 

T3 
(LOCK-ENABLE) 

1.5 
3 
5 

2.5 
2.6 
2.2 

1.6 
3.o 
3.9 

2.7 
4.1 
7.4 

a Tl  measured from entry of target into FOV. 
T2 measured from T^. 
Tj measured from T2. 

Figure 5 also presents the time required to initiate target tracking 
with the FLIR, but without transition.  This time included the time re- 
quired to locate a target in the FOV, slew the FLIR to center the target 
in a  tracking gate, and depress a LOCK-ENABLE trigger.  The time required 
£0 operate a system with a nonimaging meeker may closely approximate 
this curve.  The data represented by t'.iis curve were taken from the 
rimes required to complete all operations up to the transition task in 
this experiment.  These same tasks would be required for systems both 
with or without an imaging seeker. 

Figures 6 and 7 translate the data into the distances an aixcraft 
would travel while an operator achieves a lock-on with a 50 and 75% 
probability.  The minimum detection range necessary to allow sufficient 
time to complete a lock-on with a 50 to 75% probability can be determined 
by adding the minimum launch range of the missile to those figures. 

The percentage of reacqulsltions as a function of resolution ratio 
is presented in Figure 8. When the resolution of the FLIR and seeker 
were nearly equal, reacquisltion of the target with the seeker always 
occurred. As the resolution of the seeker was decreased to one-fifth 
of the FLIR, the mean percent of reacqulsltions dropped to about 79. 
The variability among operators increased dramatically; at a resolution 
ratio of 5, the individual operators had 100, 81, and 56% rear ulsitions. 

An analysis of variance was performed on the total tasks times 
(resolution ratio x clutter). The results Indicated that there were 
no differences In task times as a result of differences in background 
clutter. There was, as expected, a significant increase (F < 0.01) in the 
time required for lock-on as a result of decreasing the seeker resolution. 

23 
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FIGURE 6.   Distance Aircraft Traveled During Time Required for 50% 
Probability of Lock-on as a Function of Velocity and Resolution Ratio. 

Three analyses of variance (misalignment x clutter) were performed 
on the data for the three task times (Ti. T2. and T3). These results 
pertain only to the case where the FLIR/seeker resolution ratio was 1:5. 
In these cases there were no significant differences due to the density 
of the background clutter or to the amount of the FLIR/seeker misalign- 
ment. Comments by several of the subjects, in fact, indicated that 
background clutter was a help, rather than a hindrance, in relocating 
a target, because it provided geographical cues to the target location. 
At least one subject also checked the misalignment at the start of a 
trial rather than having it come as a surprise. This strategy could 
be employed routinely during operation of a FLIR/seeker system, further 

reducing the potential misalignment problem. 
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FIGURE 7.   Distance Aircraft Traveled During Time Required for 75% 
Probability of Lock-on as a Function of Velocity and Resolution Ratio. 
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FIGURE 8.   Percent Reacquisitions as a Function of 
Resolution Ratio (R). 

Operators Comments 

Inasmuch as  the simulator In this study was  operated by experienced 
aircrewmen,   their commentary Is valuable in assessing  the effectiveness 
of  the simulation as well as  in understanding their performance.    The 
following comments were obtained in an oral interview following comple- 
tion of the experiment by each subject. 

"What did you think of the simulation quality?" 

"Overall - Good.    Need two fields of view or zoom.    Having  the 
FLIR and seeker misaligned is very  realistic,  but sometimes  the 
target doesn't even reappear in the  [seeker]  FOV in a real 
system.    Need more target types—and also moving targets. 
Target  types should be changed during experiment.    Need more 
vertical buildup on terrain model.     It would be good to try 
the experiment with water background.    Slew stick was not 
likely to be the operational design." 
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"Resolution was Coo good on ~**M V*^ it^'TllZ 
seeker with resolution closest to that of FLIR]. Didn 
seeker tracking gate-used to open gate. 

s^^w«   Tt was difficult to make small "Thumb controller was too jerky,  it was aimc 

adjustments." 

stick UM CM ^ K      -coolie cap' would be better as a 
thai a thumb controller,  A couue tap 
thumb controller." 

"Pretty good realism.  1 didn't know I was flying -er^ifferent 
rolds  ?humbicontrol should have looser tension.  Prefex 

'coolie cap'." 

"How would you assess the ground-stabilized mode (Series-of-Stills)?" 

"Don't remember it . . • never really aware it was doing that." 

"When you're inspecting the target you can't really gauge when 

[the FLIR] will flip up-" 

"nidn't like S-O-S because time was lost due to video blur. 
A?so? I didn't like to wait when I was done searching a piece 

of ground." 

"I like S-O-S better than snowpiow because you have more time 
for Injecting the target. VouWt lose your bearings if 

you wait for closer inspection. 

£.£.? sl~X"^  »hen ?he «^t 1. « - «-• ^ 
when it's off the road S-O-S might be better. 

"Didn't lik. S-O-S becense ^ J-P^J -^ ^ ^^ jJX 
thinking I was missing something.  I never got time 

the bottom well enough." 

"I prefer enowplo« . . . probably 'cauae I', not need to [S-O-S]." 

"What is your evaluation of the swltchology that was uaed?" 

„oat of the counts «j-^^S^. ^uT^ll* 
ZüliT^ZlT^l ASS counted that  the 
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controller was too sensitive for 'fine tuning,'  The pilots 
generally were confused by tiie use of a B/N control/cursor 
stereotype (where pushing the thumb controller down caused the 
cursor to close in range).  However, after several practice 
trails they were able to operate the controller properly. 

"Were you troubled by the FLIR/seeker misalignment?" 

"This didn't bother me towards the end.  I switched back and 
forth between FLIR and seeker at the start of each run so I'd 
know what the alignment was." 

"The misalignment is worse when it's towards you (down) 
because then you have to chase it. When It's away from you 
(up) you can let it come to you." 

"Misalignment is a big problem [when the seeker resolution is 
poor] because you can't find the target again." 

'It wasn't too bad because you can look for geographical cues 
to relocate the target." 

"I looked for a landmark near the target and when I switched 
to the seeker I just [relocated] the landmark first." 

28 
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DISCUSSION OF RESULTS 

The results of this study Indicated that misalignment between the 
FLIR and the seeker (when the misalignment is not greater than one-half 
the FOV) had little effect on the time required under the conditions 
of clutter tested.  This is probably especially true if the system 
operator checks out the amount of the misalignment in advance as one 
subject in this study did.  In this way, the misalignment can even be 
used to advantage by reducing the amount the FLIR needs to be slewed. 
That is, the target can be positioned in the FLIR display, off-center, 
in such a manner that it will be under the seeker tracking gate after 
the imagery is switched.  This tactic may well deserve further 
investigation. 

It was originally hypothesized that Increasing the amount of back- 
ground clutter would make it more difficult to reacquire the target in 
the seeker display.  The data suggest, in fact, that increasing the 
clutter has no effect on the time or the percentage of reacquisitions. 
Pilot comments indicated that background clutter merely provided geo- 
graphical cues useful in relocating the target.  In this experiment 
the target was always located near a road.  That cue, together with 
nearby trees, made the target apparently easy to reacquire.  In some 
cases, however, when the road was almost Invisible and the target was 
not adjacent to trees, the subjects seemed to have more difficulty. 
If, in reality, the absence of clutter and clues increases the time 
required for lock-on and decreases the probability of reacquisltion, 
a low-resolution system may be difficult to use against targets at sea. 

Pilot comments suggested that there was no consensus on the utility 
of the SOS mode.  In general, the criticism appeared to be due to two 
factors:  uufamiliarity with the mode, and the duration of the stills. 
Several operators, in fact, used the thumb controller to hold the FLIR 
in a fixed position rather than ground-stabilized so the imagery was 
moving in their display like a more conventional system.  Some operators 
complained that they were unable to relate one still to the next. 
Favorable comments suggested, on the other hand, that the long duration 
of the still was appreciated by several subjects. 

Under very poor viewing conditions or with low-resolution sensors, 
the ground-stabil!zed mode Is useful in reducing further video blur due 
to aircraft motion. A careful investigation of performance with the SOS 
mode compared to the snowplow mode with unbiased operators is required 
to evaluate fairly the potential of the ground-stabilized mode. One of 
the parameters that should be varied Is the duration of a single still. 
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The data obtained during this experiment can be useful both for 
assessing the probability of locking onto a target given current system 
specifications, and for designing future systems with a requirement for 
a given probability of lock-on.  However, In order to assess the capa- 
bility of any system it is necessary to know how much time is available, 
as well as how long it takes to perform the required tasks.  The amount 
of time available is a function of the maximum detection range, the 
minimum launch range, the aircraft's flight parameters, the sensor 
characteristics such as FOV, gimbal limits and resolution, and the 
operator's workload. 

The data presented here demonstrate that it 
to use an imaging seeker than a nonimaging seeke 
tional task is necessary. For example, given a 
at a velocity of 350 knots, with FLIR/seeker res 
2.5 to i, the aircraft travels about 5,800 ft be 
ar.d lock-on, versus 4,000 ft where transition to 
quired. However, what this difference means in 
can only be known when analyzed in context with 

does, indeed, take longer 
r simply because an addi- 
75% probability of lock-on 
olution ratio of about 
tween target detection 
the seeker is not re- 

the operational milieu 
the total time available. 

In designing future systems, the data presented here can be used, 
again in context with the projected time available, to determine how 
much time can be spent performing the required tasks.  This information 
can then be used to determine the minimum seeker resolution necessary 
to ensure the desired probability of success.  However, using data such 
as this for prediction purposes should only be attempted for conditions 
similar to those that were tested. 
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